Background and Purpose: The aim of this study was to determine the potential value of carotid artery calcification observed on plain radiographs in patients referred for carotid angiogram in the diagnosis of carotid artery stenosis.
C erebral vascular disease is frequently associated with atherosclerotic changes involving the carotid arteries. Atherosclerosis is a gradual progressive disease process in which atheroma may ulcerate through the endothelium, exposing underlying collagen and thereby initiating the process leading to thrombus formation. This thrombus may then act as a source of cerebral emboli. Cerebral ischemia may also occur in the absence of ulceration if the atheroma enlarges and causes stenosis of the carotid artery severe enough to reduce pressure and flow distally in the artery. The yearly risk of cerebral infarction is estimated to be from 1% to 3% in patients with asymptomatic carotid arterial disease and from 5% to 7% in patients with stenotic or ulcerative atherosclerotic lesions of the carotid arteries, with the majority of strokes occurring without preceding transient ischemic attacks. [1] [2] [3] Secondary prevention in the form of reduction of risk factors, pharmacotherapy, or surgical intervention has been shown to reduce the incidence of cerebrovascular accidents in symptomatic patients. 4 One could therefore postulate that the identification of carotid atherosclerosis and/or stenosis, both symptomatic and asymptomatic, may be important in reduction of morbidity and mortality. Such identification may be accomplished (or at least suspected) on the basis of history of symptoms and signs suggestive of a neurological disease, the finding of carotid artery bruit on clinical examination, or imaging studies including angiography and ultrasound.
We have evaluated the potential role of carotid artery calcification observed on the plain radiograph in the diagnosis of patients with suspected carotid artery stenosis. The starting point is an observation that calcification of the coronary arteries has been found in certain populations to be a useful marker of significant coronary artery disease89 and to have prognostic significance.10-13 Although carotid artery calcification has been described previously,14"5 the clinical significance of this finding has not been established. Carotid artery calcification can be identified on radiographs of the cervical spine, skull, facial bones, and chest. In an autopsy study of 25 patients, Bostrom and Hassler15 found a correlation between the degree of calcification and the occurrence of fibrous plaque at the carotid bifurcation. Imataka et al16 found that carotid calcification correlated with severe generalized atherosclerosis and found a higher incidence of hypertension, glucose intolerance, and stroke in their study group. Culebras et al17 studied carotid calcification by computed tomogra-phy and discovered an association between the degree of calcification and luminal stenosis. Calcification was more commonly associated with severe stenosis than any other morphological feature of atheroma.
The purpose of our study was to establish the possible relation between carotid artery calcification found on the plain radiographs of the region of carotid arteries and the severity of arterial stenosis. By using intravenous digital subtraction angiography (IVDSA) and duplex ultrasound (DUS) as criterion measures ("gold standards"), the following questions were addressed: (1) What is the association between the degree of carotid artery calcification and the degree of angiographically and ultrasonographically established stenosis? (2) 
Imaging Methods
The IVDSA studies were all performed using the DVI2 system (Philips Medical Systems, Toronto, Ontario, Canada) using an image intensifier of 6 inches and an imaging matrix of 502 pixels. The carotid arterial circulation was imaged from the level of the aortic arch to its intracranial portion. Each Although angiography is considered to be the optimal method of estimation of the degree of arterial stenosis, many patients have DUS examination before referral for angiography. We decided to correlate the results of the DUS carotid studies if performed within 3 months of the angiograms. We believed that this would be of value because DUS studies are more likely to be the first line of assessment of symptomatic patients and as a safe noninvasive procedure are more likely to be used in population screening and epidemiological studies. It should be noted, however, that only patients having a stenosis of greater than 50% would be referred for angiography, thereby introducing a bias toward a more severe stenosis in this group of patients. The criterion for stenosis of 50% or greater was an average velocity ratio of 1.5 between the internal and common carotid arteries with spectral broadening in the internal carotid artery systolic wave. The DUS studies were performed using a Diasonics WIDE VUE (St Hiliaire, Quebec, Canada) mechanical sector scanner with a frequency of 7.5 to 10 mHz, using a standoff pad. One hundred eight patients who were referred for angiography had had DUS studies performed within 3 months of angiography.
Classification of Calcification
The classification of calcification was based on the morphological appearance on the 105 -mm films. The calcifications were either punctate or linear. (Linear was defined as calcified plaque continuous for at least 5 mm as measured directly from the 105 -mm film or a series of calcified plaque separated by no more than 1 mm. Estimated minification factor for this equipment was 0.78.) No attempt was made to classify the calcification based on the location of the calcification within the arterial wall.
Grading was based on a system of 0 through 10, with 0 being no calcification, with progression from single and multiple punctate calcification to linear plaque on one side of the artery, on two opposite sides, and continuous across both sides of the artery. In grade 10 the calcification was completely circumferential (Figure) . For (73.8%) of the 160 patients studied. The prevalence of calcification increased with age from 43.7% in the group aged 40 to 49 years to 81.5% in patients aged older than 65 years. None of the patients aged younger than 50 years had a calcification grade of greater than 6; grade 9 and 10 calcifications were found exclusively in patients aged older than 65 years.
The ICC quantifying chance-corrected agreement for the 121 radiographs that were interpreted by two radiologists was .92 for 10 grades and .91 for three levels. The chance-corrected agreement for repeated assessment done by the same radiologist was .92 (10 grades) and .91 (three levels) for one radiologist (59 studies) (I.D.) and .94 (10 grades) and .97 (three levels) for the Analysis of the degree of stenosis on the same side as the calcification showed no statistically valid association.
Discussion
The purpose of this study was to establish whether a reproducible system of grading of calcification could be calcification  100  50-99  <50  stenosis  Total  III  3  13  0  0  16  II  2  26  5  0  33  I  7  20  9  1  37  No calcification  1  7  9  5  22  Total  13  66  23  6  108 P=.0001, X2=36.55, Spearman correlation coefficient r=.38.
designed and if a relation exists between the presence and extent of carotid arterial calcification and the degree of stenosis. The findings in this study allow several conclusions. First, we have established that the assessment of the degree of carotid artery calcification is a highly reproducible procedure, with the degree of reproducibility similar to other diagnostic tests. 20 We have found that the degree of association between the degrees of calcification in carotid disease as assessed by IVDSA and DUS was significant (P=.0001), but correlation between the grade of calcification and the degree of stenosis was at best fair (Spearman correlation coefficient r=.40 for IVDSA and .38 for DUS). Thus, our findings identify carotid artery calcification on plain radiograph as a marker for significant extracranial carotid disease. The importance of this observation is similar to previously reported significant correlation between coronary artery calcification on plain radiograph (or on autopsy) and presence of coronary artery disease. ' Table 5 require the assumption that the properties of the test (likelihood ratios) do not change with different prevalence of the disease in the examined population. Although somewhat controversial, such an assumption is certainly safer for likelihood ratios than for other common descriptors of the usefulness of diagnostic tests, ie, sensitivity and specificity.21
Although the specificity is poor, this may be a reflection of the high prevalence of disease in this patient population. However, in Table 1 several patients with carotid occlusion had low grades of calcification. This may reflect the complex mechanism of production of symptoms in these patients, and this study did not take into account phenomena such as embolism or acute thrombosis in association with minor degrees of stenosis. However, we feel that the results of this study justify a larger prospective study in a group that more accurately reflects the prevalence of disease in the general population. In this respect the study of If the relation demonstrated in this study were shown by a prospective study to apply in the asymptomatic population, then it would appear to have potential in identifying individual at-risk patients before the onset of symptoms. Plain radiography of the neck for detection of calcification is inexpensive, quick and easy to perform and interpret, and requires no specialized equipment or training, all of which would be advantages in any potential screening tool. The presence or absence of a significant stenosis could easily and safely be established thereafter by DUS. Clearly, with readily available and safe methods of assessing carotid stenosis such as DUS and IVDSA, we do not consider detection of carotid artery calcification as being of any relevance or value in symptomatic patients. However, our findings suggest that carotid artery calcification may be useful in identifying asymptomatic at-risk individuals with significant carotid artery stenosis and may be an early marker of evolution of the disease. We believe that this relation merits a prospective study in an asymptomatic at-risk population.
Finally, how may the risk of stroke be reduced? The role of active medical intervention has not yet been determined. The recent Veterans Affairs Cooperative Study indicates that carotid endarterectomy in asymptomatic patients reduced the incidence of ipsilateral transient ischemic attacks but did not reduce the risk of stroke or death.23 However, epidemiological studies have identified the major risk factors as hypertension, elevated cholesterol, and smoking. All of these may be reduced either by therapeutic intervention in the higher-risk group or by life-style modification in the general population.24 Identification of patients in the early stages of carotid atheromatous disease may aid in effective implementation of such life-style modification and could ultimately assist in reduction of the occurrence of stroke.
